One of the foremost solid wastes produced by petrochemical industries is oily sludge. Oily sludge being a mixture of various kinds of hydrocarbons has been characterised as a hazardous waste by Environment Protection Act and Hazardous Wastes Handling Rules which contributes a lot in environmental pollution. Polycyclic aromatic hydrocarbons (PAHs), which are components of crude oily sludge, represent serious environmental concerns, as most of them are mutagenic, cytotoxic and carcinogenic. Several methods for degradation of oily sludge and other petroleum related contaminants have been discussed in literature. This review paper presents the most efficient process of remediating these contaminants from environment, i.e., biodegradation by microorganisms. It is attaining significance as an increasingly efficient and potentially inexpensive cleanup strategy. Its potential contribution as a countermeasure biotechnology for decontamination of oil polluted systems could be vast, as it also leads towards mineralisation of complex organic compounds to simple compounds enhancing soil organic contents. So it can be concluded that biodegradation strategy of petroleum oily sludge, even with some limitations, have proved to be one of the most cost effective and promising technology with potential application in land farming.
Introduction
Petroleum industries bring large number of benefits to society but are globally considered as an economic activity with great environmental impacts (Cerqueira et al., 2011) . Currently petroleum and oil industry are facing new levels of competition because of increased exhaustion of non-renewable resources (Zhang et al., 2016) . Over 17,000 organic compounds have been identified to be present in crude oil and subdivided into four main classes: the saturates, aromatics, resins and asphaltenes, collectively known as (SARA) (Brooijmans et al., 2009; . Production of petroleum on a wide scale, transport, use and disposal of petroleum has made it a lead contaminant worldwide both in its prevalence and quantity in the environment (Rahman et al., 2002 b) . Mostly petroleum includes only crude oil (highly complex mixture of organic compounds), but besides, it also consists of all liquid, gaseous and solid (e.g., paraffin) hydrocarbons. Under specific conditions such as surface pressure and temperature, lighter hydrocarbons, i.e., C1-C4 (methane, ethane, propane and butane) occur as gases, while pentane and heavier ones are in the form of liquids or solids (Badrul Islam., 2015) . Crude oil also contains some non metallic components sulphur, nitrogen and oxygen compounds in very small amounts. Sulphur compounds include thiopenes mercaptans and thioethers. Oxygen occurs mainly in the form of asphaltenes and naphthanic acids while N compounds exist as homologues of pyridine or alkylated quinolines (Salleh et al., 2003) . Global energy demand is expected to rise by 44% over the next twenty years (Doggett and Rascoe, 2009 ).This demand makes the processing of crude oil and the generation of petroleum refinery effluents globally important issues, in order to satisfy this ever-increasing demand of energy (Hasan et al., 2011) .
In order to degrade hazardous organic by products of petroleum industries several chemical methods have been developed, such as incineration, solidification/stabilisation, solvent extraction, ultrasonic treatment, pyrolysis and photo catalysis (Xu et al., 2009) .However extensive studies on various bioremediation methods employed for these compounds, proven these methods to be cost effective, highly efficient and eco-friendly.
Oily sludge and its composition
The oily sludge is a semi-solid material consisting of a mixture of clay, silica and iron oxides contaminated with oil, water and the chemicals used in the production of oil (Da Silva et al., 2012) . The separated heavy ends from the crude oil get deposited on the bottoms of the storage tanks and commonly known as tank bottoms or oily sludge. It is a combination of sediment, hydrocarbons, paraffin, precipitates and water. Mainly these precipitates are of asphaltenes, resins, paraffin waxes and other poly-aromatic hydrocarbons (PAHs) (Kumar and Mohan, 2013) . Settling of oily sludge at the bottom of storage tanks displaces volume and decreases efficiencies. Introduction of oily sludge into a refinery stream can cause serious problems because of its high viscosity solid materials, such as sand and rust (Zubaidy et al., 2010) .It is necessary to remove sludge during tank cleaning operations and then sent for further treatment or disposal (Hu et al., 2013) .
Oily sludge has very high stability of a multiphase system due to the adsorption of oil onto solid particles, producing a highly protective layer (as they tend to settle to the bottom of the tanks) and also to the presence of surface active compounds, which are responsible for the formation of emulsions (Kriipsalu et al., 2008) .
The most common constituents of oily sludge are organic compounds, e.g., alkanes, cycloalkanes, toluene, benzene, phenols, xylenes and PAHs (Cerqueira et al., 2011) . Aromatic hydrocarbons in the range of 1-40 carbon atoms form the major portion of oily sludge (USEPA, 1997). Kriipsalu et al. (2008) 
Sources of oily sludge
Oil pollution is common problem in oil producing areas such as the Persian Gulf, which is responsible for 60% of the marine transportation of oil in the world (Hassanshahian et al., 2014) . It is generated through various processes in petrochemical industries.
Cleaning up of crude oil storage tanks, maintenance of associated facilities and pre-export processing, i.e., tank farms, oil draining from tanks and operation units and pipeline ruptures produces significant amounts of oily sludge (Kumar and Mohan., 2013; Mrayyan and Battikhi 2005) .
Petroleum industry generates significant amount of oily sludge during its crude oil exploration, manufacture, transportation, storage and cleaning processes (Hu et al., 2013) .
Accidental spills from deliberate dumping, leaching of older landfills and leaking of underground storage tanks is responsible for oil contamination (Mater et al., 2006; Onwurah et al., 2007; Yakubu, 2007) .
Impurities (generally compounds of nitrogen, oxygen, sulphur and metallic elements) are separated from petroleum during refining processes and these impurities, combined with mineral particles and residual hydrocarbons, form oily sludge (Kriipsalu et al., 2008) .
Millions of tons of consumed oil is collected from repair shops and are transferred to larger facilities which are called re-refineries and their contaminants are separated. These refineries are also responsible for the production of oily sludge (Asgari et al., 2017; Da Silva et al., 2014) .
Large amounts of oily sludge are also generated from engines, industrial machines and refineries from water oil separation systems (Bhattacharya et al., 2015) .
Toxicity of oily sludge
Oily sludge is the major and the most abundant solid waste produced by petrochemical industries. Tons of oily sludge is produced by oil refineries and petrochemical industries every year which represents a serious environmental concern (De Quadros et al., 2016) . Oil spills also result in both immediate and long-term environmental damage . Simply dumping of these wastes or burning them with no remediation treatment has serious environmental hazards and causes risk to both ecosystems and human health (Marin et al., 2005) . Oil pollutants are involved in destruction of the ecological balance which may take years or even decades to recover (Zhang et al., 2011) .
According to Environment Protection Act and Hazardous Wastes Handling Rules, oily sludge is recognised as harmful waste. It cannot be disposed off as landfill, even after de-oiling unless they are totally remediated (Badrul Islam, 2015) . Resource Conservation and Recovery Act (RCRA) also designate oily sludge as hazardous waste (Liu et al., 2009) . Major quantities of oily sludge constituents are carcinogenic polynuclear aromatics (PNAs), e.g., benzo [a] pyrene (Bossert et al., 1984) and potent immuno-toxicants (Nkeng et al., 2012) . Each year approximately1.3 million litres of oily sludge enters the environment (Brooijmans et al., 2009) .
Accumulation of pollutants in animals and plant tissue causes extensive damage of local system and may cause death or mutations (Das et al., 2011) . Congestion of the liver, liver necrosis, fat degeneration and dissociation of hepatocytes are the toxic impacts of petroleum oily sludge. Birds, animals and other living organisms of oil-contaminated areas are found to have black emulsion in their digestive tract with a petroleum odour. This causes decreased nutrient absorption and may finally results in death of these birds and animals due to rupturing of capillaries and hemorrhage, hemosiderosis hepatocellular dissociation, renal tubular necrosis and anemia (Sathishkumar et al., 2008) .
The accumulation of oily sludge in local bodies of water leads to their contamination, causing persistent heavy-metal contamination, silting of rivers, death of aquatic species and damage to environmental preservation areas (Da Silva et al., 2012) .
Methods of petroleum degradation
The significant amounts of oil sludge generated in refineries from accumulation of waste oily materials in crude oil storage tank bottoms and water oil separation systems is not only a source of ecosystem contamination but also pose extensive problems because of the expensive disposal methods (Rahman et al., 2007) .The cleaning up of the environment, soils, sludge, waters contaminated with waste hydrocarbons is very important as the hydrocarbons have 70% ability to prevail over the other environmental pollutants (Lazar et al., 1999) .
Physio-chemical methods are suitable for the treatment of light petroleum products, like gasoline while heavier fuels like diesel have low volatility and often require other techniques (Richard and Vogel, 1999) .
Physical or chemical methods such as incineration, ozonation ,chlorination and combustion besides being expensive also requires elaborate equipment and substantial amounts of additional fuel (Mrayyan and Battikhi, 2005) , e.g., incinerating petroleum wastes is not only expensive, but also requires the use of enormous amounts of additional fuel (Ayotamuno et al., 2007) . Burial in secure landfills can become much expensive when the amounts of contaminants are large. This frequently results in cleanup delays while the contaminated soil continues to pollute groundwater resources if on land and death of aquatic life if on waterways (Okoh, 2006) .
Thermal decomposition and incineration are designated to be amongst the most costly treatment methods as the high temperatures involved requires high energy input and also results in major greenhouse gas emissions (Jadidi et al., 2014) . There are several methods for petroleum degradation as shown in Figure 1 , still biological methods are suitable as compared to the physico-chemical treatment regimes in removing spills because of in situ biodegradation of oil fractions by the microorganisms (Rahman et al., 2002b) . Among biological methods microbial degradation is one of the most promising natural mechanisms for bioremediation of the petroleum hydrocarbon pollutants (Das and Chandran, 2011) .
Composting is also recognised to be one of the most useful techniques applied to oily sludge, prior to its agricultural usage, which not only suppresses most pathogenic organisms but also decreases the bioavailability of heavy metals thus stabilising the organic material before its application on the land (Amir et al., 2004) .This bioremediation technology achieves two goals, i.e., maximal decontamination with effective land restoration (Antizar-Ladislao et al., 2007) . In composting oily sludge or oil-contaminated soil, different types of bulking material have been used with the purpose of adsorbing moisture, enlarging the porosity of the compost mixture and supporting biological processes (Kriipsalu et al., 2007) .
Extent of hydrocarbon degradation have been reported in the literature differently depending on concentration of total hydrocarbons, soil and hydrocarbon source type and oxygen and nutrient availability (Shabir et al., 2008) .
Biodegradation/bioremediation
As compared with the conventional methods, which rely on human labour, the technique of microbial remediation has played an important role in the treatment of petroleum contaminants. Low cost and high efficiency without secondary pollution are the major advantages of microbial remediation (Bao et al., 2012) . Organic contaminants are deteriorated as they are used as food by bacteria or other organisms (Kellems et al., 1991) . In this process, the hydrocarbons are oxidised to carbon dioxide and water (Hahn and Loehr, 1992) . Depuration of hydrocarbon-polluted environments is mainly carried out by this technique. This mechanism has been extensively studied and reviewed (Chaillan et al., 2004) . The biodegradation of oil residues require an intricate metabolic pathway which is not always present in a single species of microorganisms but which can be observed in a microbial community (Morais and Tornisielo, 2009 ).
Development of efficient bioremediation strategies still remains a challenge to overcome the slow degradation process by indigenous microorganisms. Land farming (LF) is an older practice of treating oil contaminants like oil sludge by adding sludge and nutrients to agricultural land and mixing carried out by common agricultural practices (Jorgensen et al., 2000) . Latter on LF was supplemented with bioaugmentation. The bioaugmentation strategy (addition of microorganisms exogenous or endogenous with effective degradation capacity) was proposed and evaluated to increase the bioremediation process yield (Janbandhu and Fulekar, 2011; Bhattacharya et al., 2015) .
Oil spill bioremediation is carried out by two main methods: first one is bioaugmentation, in which known oil degrading bacteria are added to supplement the existing microbial population and second one is biostimulation, in which nutrients or other growth-limiting co substrates are added to stimulate the growth of indigenous oil decomposing bacteria (Das et al., 2011) .
Bio-augmentation has been used as a bioremediation option for hydrocarboncontaminated oily-sludge restoration (Ayotamuno et al., 2007) . Introduction of selected microbial degraders into aboriginal microbial populations accelerates the process of purification from oil and oil products have been reported in various studies (Gafarov et al., 2006) .
Simpler, more bio available, less toxic and high-energy-yielding compounds get degraded earlier than their counterparts because microbial degradation of hydrocarbons in soil proceeds in a succession pattern. Therefore, when a mixed hydrocarbons source such as oily sludge is added to soil intrinsic capabilities for degradation of PAHs is present but still alkanes generally get degraded first (Tahhan et al., 2011) .
Bioremediation has a number of advantages over other oily sludge treatments, including lower treatment costs, destruction of contaminants, greater safety and less environmental disturbance (Salleh et al., 2003) . Microorganisms are found to be resourceful biodegraders due to their abundance, diversity and their catabolic and anabolic versatility, as well as their ability to adjust in unfavourable environmental conditions (Morais and Tornisielo 2009 ). Bioremediation technology is supposed to be non-invasive and comparatively cost effective (April et al., 2000) .
Nutrient deficiency might be a limiting factor in the biodegradation process (Tahhan and Youssef, 2009 ). In cold regions low temperatures is the main limiting factor in hydrocarbon biodegradation, although high numbers of microorganisms normally are present in contaminated soils (Rike et al., 2005) .
Degradation of hydrocarbon is thought to obey the Arrhenius relationship and decreases as the temperature decreases so it is supposed to be reduced in cold region soils, but zero degrees are not an ultimate limit for in situ biodegradation of hydrocarbons by cold adapted microorganisms (CAMs) and that biodegradation may proceed with the same activity at sub zero temperatures (Rike et al., 2003) . However, the rate and extent of hydrocarbon biodegradation decreases and the variety of substrates degraded are typically narrower under anaerobic conditions (Grishchenkov et al., 2000) .
Mechanism of biodegradation
Biodegradation of hydrocarbons can proceed under both aerobic and anaerobic conditions. However, aerobic pathways are more efficient as compared to anaerobic metabolic pathways.
Aerobic degradation
Many aspects of aerobic biodegradation of hydrocarbons have been extensively studied and reviewed. Several aerobic bacterial species have been reported that can efficiently degrade different components of hydrocarbons. Many species of aerobic bacterial genera like arthrobacter, mycobacterium, pseudomonas and rhodococcus are found to be actively involved in biodegradation of alkylaromatic hydrocarbons (Jones et al., 1983) . Romero et al., (1998) reported active biodegradation of phenanthrene by Pseudomonas aeruginosa in a stream polluted by a petroleum refinery. Mixed cultures of known composition of bacterial species, pseudomonas aeruginosa, acinetobacter iwoffi and corynebacterium sp. can actively degrade hydrocarbons of oily sludge (Adebusoye et al., 2006) . Most of these aerobic bacteria can oxidise aromatic hydrocarbons by monooxygenases and dioxygenases enzymes. Many bacterial species are known to initially oxidise aromatic hydrocarbons by monooxygenases (Jerina et al., 1976; Kelly and Cerniglia, 1991) . Aerobic bacteria can also produce dioxygenases that adds two oxygen atoms in aromatic nucleus of hydrocarbons (Albaiges et al., 1983) . Catechols produced as a result of these oxidation reactions are further oxidised by some other bacteria finally producing aldehydes, acetic acids, fumaric acid and pyruvic acid, metabolised by almost all the microbes for macromolecular synthesis and to release energy finally producing carbondioxide and water (Wilson and Jones, 1993) .
Anaerobic degradation
Two groups of microorganisms degrade hydrocarbons anaerobically, facultative anaerobes particularly nitrate, iron and manganese reducing microorganisms and strict anaerobes like sulphate reducers (Grishchenkov et al., 2000) .These microbes utilise nitrate, ferric and manganese ions as final electron acceptor rather than oxygen. Coates et al., (2001) reported two dechloromonas strains, capable of completely mineralising various mono-aromatic compounds including benzene to CO 2 in the absence of O 2 with nitrate as the electron acceptor.
Role of bacteria in biodegradation
Bacteria are considered as primary degraders of spilled oil in environment (Calvo et al., 2004) . Indigenous microbial population of the soil is able to metabolise hydrocarbons (Chaneau et al., 1999) .
About 70 microbial genera are known for their oil degrading ability, they include fungi, yeast and bacteria (Joo et al., 2008; Shetaia et al., 2016) . In contaminated environments application of microorganisms has been demonstrated as an efficient and more practical method to clean-up petroleum hydrocarbons (Deng et al., 2014) . Natural microbial populations are considered as the most basic and reliable bioremediation mechanism in the remediation of xenobiotic pollutants, e.g., oil .
Hydrocarbon-degrading microorganisms
Hydrocarbon-degrading microorganisms are commonly isolated from nature. Oil contaminated sites are enriched by this kind of bacteria which are able to utilise different types of hydrocarbons as their only source of energy and carbon (Banerjee and Ghoshal, 2010; Bao et al., 2014) . Petroleum reservoirs are considered as source of anaerobic microorganisms whereas aerobic hydro carbon degrading microorganisms have been isolated from hydrocarbon contaminated ecosystems, even in extreme habitats (Chaillan et al., 2004) .
Hydrocarbons are used as a carbon source by pure cultures of hydrocarbon degrading microorganisms (Cerqueira et al., 2011) . Although n-alkanes are easily biodegradable because they are low molecular weight and are partially soluble in water and easily utilised by microorganisms (Janiyani et al., 1982) , branched-chain hydrocarbons, long chain n-alkanes and PAHs are difficult to degrade (Hasanuzzaman et al., 2007) .
The order of biodegradability of oil components is n-alkanes > branched alkanes > low-molecular-weight n-alkylated aromatics > monoaromatic compounds > PAHs, or asphaltenes (Gafarov et al., 2006) .
Crude oil, a complex mixture of hydrocarbons is not completely degraded by pure cultures of bacteria (Chhatre et al., 1996) . Mixed bacterial cultures are preferably more advantageous for bioremediation applications, in comparison with pure cultures, by the fact that intermediates of a catabolic pathway of one strain may be further degraded by other strains (Bao et al., 2012) . After exhaustive growth of one strain on crude oil, the residual oil supported the growth of a second and third strain of bacteria (Ghazali et al., 2004) . This association led to the complete degradation of the pollutants (Bhattacharya et al., 2015) . Table 3 Percent degradation of PAHs by bacterial species Key enzyme involved in alkane degradation is alkane hydroxylase. This enzyme introduces an oxygen atom derived from molecular oxygen into the alkane substrate, plays an important role in crude oil bioremediation (Hassanshahian et al., 2012) . The main source of alkane hydroxylases is both gram-negative and gram-positive microbes with high diversity (Liu et al., 2014) .
PAHs degrading microbes
Both natural and anthropogenic processes plays role in generation of PAHs and pose a serious concern on the health of aquatic life and human through bioaccumulation (Yu et al., 2005) . PAHs are hydrophobic in nature and less soluble in water. They mainly interact with nonaqueous phases. This makes them unfit for natural degradation. Degradation of PAHs takes place in the environment also by the processes such as photolysis, volatilisation, chemical degradation and adsorption, but in very low amount (Bacosa et al., 2015; Gupta et al., 2016) . Thus, PAHs are considered as one of the most persistent pollutants in the environment (Gupta et al., 2016) . Biodegradability of PAHs decreases dramatically as the number of rings increases (Duagulis and Colleen, 2003) .
Prolonged persistence of hydrophobic hydrocarbons in contaminated environments is characterised by their strong adsorption even on coarse-grained and organic free soils by micro porosity, which makes them less available for hydrocarbon degrading microorganisms and remains even after bioremediation (Rahman et al., 2003) .
Mixed bacterial cultures have enhanced PAH degradation and three mechanisms have been proposed for their action.
Mixed bacterial cultures are able to relieve the inhibition of PAHs on the growth of some PAH-degrading bacterial strains, thus increasing the degradation rates.
Mixed bacterial cultures contain the cooperation among different bacterial genotypes this possibly result in diverse degradation pathways of PAHs and leads to a fast degradation.
Some strains of the mixed bacterial cultures could perform a complete degradation pathway of PAHs, as they are capable of degrading metabolites that accumulated when the parent PAHs were degraded by other strains (Zhong et al., 2011) .
Catechol is the main intermediate product formed in most aromatic hydrocarbon biodegradation pathways that is then cleaved by ortho-or meta cleavage dioxygenases (Dhote et al., 2010) . Organic acids are also produced during microbial utilisation of hydro carbons (Adebusoye et al., 2007) .
Biosurfactants and their properties
Many bacteria are able to emulsify hydrocarbons in solution by producing surface active agents such as biosurfactants which increases the adhesion of cells to the substrate (Barathi and Vasudevan, 2001) . Biosurfactants are amphiphilic compounds that reduce surface and interfacial tensions by accumulating at the interface of immiscible fluids (Rahman et al., 2007) .They are non hazardous, non-toxic, biodegradable and environmentally friendly compounds.
Table 5
Biosurfactants by microorganism Thavasi et al., (2011a) has reported that bioremediation of crude oil-polluted soils by indigenous microbes is enhanced by the addition of exogenous microbial biosurfactants. Biosurfactant production is related to the utilisation of hydrophobic substrates by producing microbes from their natural habitat, presumably by increasing the surface area of substrates and increasing their apparent solubility (Das and Mukherjee, 2007) .
Biosurfactants
Biosurfactants facilitate fast microbial growth by emulsifying the oil and once the cell number reaches its peak, nutrient limitation would not be a problem to precede the biodegradation process (Thavasi et al., 2011a) . Because of their efficacy as dispersion and remediation agents and characteristics like less toxicity, environment friendly nature and high biodegradability biosurfactants influence biodegration processes (Satpute et al., 2010; Thavasi et al., 2011b) . Due to their pH, salinity and effectiveness at extreme temperatures, biosurfactants have superiority over chemical surfactants (Verma et al., 2006) .
The degradation efficiency was limited by geological, climatological substrates and ecological factors, when only a single hydrocarbon degrader was employed (Zhang et al., 2010) . Their range of industrial applications includes crude oil drilling, enhanced oil recovery, lubricants, surfactant-aided bioremediation of water-insoluble pollutants, health care and food processing (Banat et al., 2000) .
Bacterial species used in biodegradation
Petroleum oil degradation is enhanced by several species of pseudomonas bacillus, alcaligenes and corynebacterium by producing biosurfactants. Biosurfactant-producing bacteria efficiently enhance the availability of crude oil and thus biodegradation. Moreover, pseudomonas aeruginosa strains are more efficient than bacillus subtilis strain in reducing the total petroleum hydrocarbon content from the medium (Chandankere et al., 2014; Das and Mukherjee, 2007) . Aliphatic hydrocarbons are mostly degraded by dietzia species and also cause degradation of aromatic compounds including naphthalene, phenanthrene, carbazole, quinoline, fluoranthene, benzoate and toluene (Wang et al., 2011) . Amending nitrogen and phosphorus, addition of surfactants and biosurfactants and supplementation of bulking agents like wheat straw and saw dust, are some of the favorable conditions for maximum bacterial growth (Yu et al., 2011) .
The bioavailability of hydrocarbon compounds is significantly reduced due to their limited water solubility, which adversely affects their biodegradation in the environment (Megharaj et al., 2011; Tian et al., 2016) .
Land farming
LF is a bioremediation process carried out under controlled conditions to promote degradation and immobilisation of pollutants through microbial metabolism. Aliphatic and aromatic hydrocarbons are mostly degraded by fungi and bacteria due to production of biosurfactants that help in emulsification of hydrocarbons and their bioavailability to the microbial population (Marco-Urrea et al., 2015; De Quadros et al., 2016) .
Firstly, the concept of LF was introduced and practiced by US oil refining industry (Genou et al., 1994) . Natural biological, physical and chemical processes are involved in LF operation of the petroleum-contaminated soil and degradation of the organic contaminants of concern (Marin et al., 2005) .
LF is a 'low tech' biological treatment method which involves the controlled application and spread-out of a more-or-less defined organic bioavailable wastes on the soil surface and the incorporation of the wastes into the upper soil zone (Maila and Thomas, 2004) .
Enhancement of the degradation capabilities of natural microbial communities by providing oxygen and nitrogen is the main focus of LF and to use physical mixing of the soil to distribute and spread the contaminants over a greater surface area of soil particles and bring them into contact with the greater number of microbes (Straube et al., 2003) .
LF has been used as a means of the biological removal of petroleum products and is used commercially on large scale with relative success. This technology has been widely used due to its simplicity and cost-effectiveness (Maila and Thomas, 2004) .
The total petroleum hydrocarbons (TPH) may be lost through volatilisation or biodegradation during the process of LF. Thus LF refers to the combination of both of these two processes (Paudyn et al., 2008) . Maila and Thomas (2004) have reported in their studies that a third process called adsorption is also involved in the removal of the petroleum products from the soil during LF. LF typically involves the addition of nutrients and water into the soil and periodic tilling to mix and aerate the soil. Additional amendments (e.g., cosubstrates to stimulate microbial metabolism, bulking agents to increase aeration, lime to adjust pH, or bacterial inoculations) are sometimes added to speed up the bioremediation process (Mccarthy et al., 2004) .
LF gained recognition over other degradation methods such as incineration, landfilling and deep well injection. Hejazi et al., (2003) has reported the following advantages of LF:
immobile hydrocarbons or metals cause minimum pollution of the surface and groundwater low energy consumption environmental effect is negligible low cost as compared to other methods less residue disposal problems this technique is compatible with the climate, location and type of sludge treated.
Conclusions
Biodegradation of oily sludge petrochemical wastes by microorganism has been considered as one of the most efficient method to eliminate harmful pollutants from ecosystem. There is a need to introduce this method as a primary degradation process for oily sludge in coming era because this method causes least damage to ecosystem and natural equilibrium. Its advantages such as low toxicity, high efficiency and less cost make it most suitable method for degradation of oily sludge. It could end up being the most reliable and perhaps least expensive alternative for development in solving some chemical pollution problems.
